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Objectives: To assess the value of each of the Duke criteria for the diagnosis of infective endocarditis (IE). 
Methods: Detailed review was done of charts of all cases discharged with the diagnosis of IE, and classification as 
'definite', 'possible' and 'rejected' cases was made according to the Duke criteria. The diagnostic impact of each criterion 
was assessed by reclassifying each 'definite' case after subtraction of each individual criterion and by reclassifying each 
'possible' and 'rejected' case after addition of each individual criterion. 
Results: From 1983 to 1993, 179 cases were identified in the databases of two hospitals. When the Duke criteria were 
applied, 124 (6957%) were classed as 'definite', 43 (2426%) as 'possible' and 12 (7&3%) as 'rejected' cases. Of the 67 
pathologically proven cases, 52 (78210%) were 'definite' cases when the criteria were applied before pathology. If the 
major microbiological criterion is subtracted, 53% (+.9%) of the 'definite' cases become 'possible' or 'rejected'. When 
the echocardiographic criterion is subtracted, 34% (28%) of the 'definite' cases become possible or rejected. Among 
minor criteria, fever and predisposition, contributing to  the classification of respectively 31% (28%) and 27% (28%) of 
the 'definite' cases, were the most powerful. On the other hand, the minor microbiological criterion and immunologic 
phenomena were responsible for the classification of only 2% (22%) and 6% (24%)  respectively, of the 'definite' cases. 
Conclusions: Depending on the criterion examined, 47-98% of the 'definite' cases of IE would remain 'definite' if this 
particular criterion were absent. The major microbiological criterion had the highest relative importance. In this 
retrospective study, in which only 32 (18%) patients had a transesophageal echocardiogram, the echocardiogram 
contributed to 15% (26%) of the 'definite' cases according to the major criterion and to 19% (26%) according to the 
minor criterion. This study illustrates that the degree of certainty of the diagnosis of IE often depends on the presence/ 
absence of only one criterion. 
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INTRODUCTION 
Because of its polymorphous clinical presentation, 
infective endocarditis (IE) constitutes a diagnostic 
challenge. Since a precise diagnosis plays an essential 
role both in the management of patients and in the 
identification of patient populations for clinical trials 
or epidemiologic studies, efforts have been made to 
establish practical and valid diagnostic criteria for the 
disease [1,2]. In 1994, a new series of criteria inspired 
by the system used by Jones in the diagnosis of rheu- 
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matic fever was established by the Duke University 
Endocarditis Service [3] (Tables 1 and 2). They allow 
the differentiation of three levels of confidence for the 
diagnosis: definite, possible and rejected. 
When compared to the results of pathology 
examination as the reference tool, these new criteria 
were 80% accurate in establishing the diagnosis of 
endocardtis [3] .  The criteria were subsequently vah- 
dated by a US [4] and a European study [5]. One study 
reports a negative predictive value of 92% [6] and 
another recent prospective study demonstrated a 
specificity of loo%, which was thus superior to that of 
the pathologic examination, which in this same study 
was 95.5% [7]. The use of some additional criteria has 
been suggested on the basis of pathologically proven 
cases [8 ] ,  but they may decrease the specificity of the 
*Present address: HBpital 'Les Cadolles', Neuchatel, 
Switzerland. 
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Table 1 Duke’s criteria for the diagnosis of infective 
endocarditis 131 
~ ~~~ 
Definite infective endocardltis 
A) Pathologic criteria 
1) Microorganism demonstrated by culture or histologic 
examination of a vegetation, a vegetation that has 
embolized, or an intracardiac abscess, or 
2) Pathologic lesions: vegetation or intracardiac abscess 
confirmed by histologic examination showing active 
endocardltis 
B) Clinical criteria (using specific definition presented in Table 2) 
1) Two major criteria 
2) One major and at least three minor criteria, or 
3)  Five minor criteria 
Possible infective endocarditis 
Findings consistent with infective endocarditis that fall short of 
‘definite’ but are not ‘rejected’. 
Rejected cases 
1) Firm alternative diagnosis explaining evidence of infective 
2) Resolution of infective endocarditis syndrome within 4 days 
3)  No pathologic evidence of infective endocardltis at surgery 
endocarditis 
or less of antibiotherapy 
or autopsy within 4 days or less of antibiotherapy 
observer to another. This is especially true for the 
echographic data [9]. Passage from one diagnostic 
category to another can thus depend on very little. 
Moreover, the diagnostic category ‘possible’, which 
covers those cases which, by default, have not been 
classed as ‘definite’ or ‘rejected’, is very heterogeneous, 
with cases likely to be IE grouped together with cases 
which are much less likely to be so. A special effort has 
to be made to define the ‘possible’ cases more precisely, 
and proposals in this direction have recently been 
published. These proposals will ultimately have to be 
validated [lo]. 
The purpose of the present study is to investigate 
the impact of each of the Duke criteria on the classi- 
fication of cases into the different diagnostic categories. 
This may allow us to put the emphasis on those clinical 
and paraclinical elements which contribute most to the 
diagnosis when IE is suspected. 
PATIENTS AND METHODS 
criteria when applied to a less selected group of patients 
with suspected IE. 
In addition, certain criteria are based on subtle 
factors, the perception of which varies from one 
The records of 179 patients hospitalized between 
January 1983 and June 1993 with a discharge diagnosis 
of IE were studied. Detailed clinical and microbio- 
logical data for each case were abstracted. Transthoracic 
bidimensional echography was available for 165 cases, 
transesophageal echography (available since 1989) for 
Table 2 Definition of Duke’s criteria for the dagnosis of infective endocarditis [3] 
Major criteria 
1) Positive blood culture for IE 
A) Typical microorganism consistent with IE from two separate blood cultures as noted below 
i) Viridans streptococci, Streptococcus bouis, or HACEKa group, or 
ii) Community-acquired Staphylococcus aureus or enterococci, in the absence of a primary focus 
B) Microorganism consistent with IE from persistently positive blood cultures defined as 
i) At least two positive cultures of blood samples drawn >12 h apart, or 
ii) All of three or a majority of four or more separate cultures of blood (with first and last sample drawn at least 1 h apart) 
2) Evidence of endocardial involvement 
A) Positive echocardiogram for IE defined as 
i) Oscillating intracardiac mass on valve or supporting structures, in the path of regurgitant jets, or in implanted material in the 
ii) Abscess, or 
iii) New partial dehiscence of prosthetic valve 
absence of an alternative anatomic explanation, or 
B) New valvular regurgitation (worsening or changing of pre-existing murmur not sufficient) 
Minor criteria 
1) Predisposition: predisposing heart condition or intravenous drug use 
2) Fever: temperature of 38OC or more 
3)  Vascular phenomena: major arterial emboli, septic pulmonary infarcts, mycotic aneurysm, intracranial hemorrhage, conjunctival 
4) Immunologic phenomena: glomerulonephritis, Osler’s node, Roth‘s spots, and rheumatoid factor 
5) Echocardiographic findings: consistent with IE but do not meet a major criterion as noted above 
6) Microbiological evidence: positive blood culture but does not meet a major criterion as noted aboveb or serologic evidence of active 
hemorrhages, and Janeway’s lesions 
infection with organism consistent with IE 
aHACEK Haemopkilus spp., Actinobacillus artinomycetemromitans, Cardiobacterium kominis, EikenelZa spp., Kingella kingae. IE: Infective 
endocarditis. 
bExcludes single positive culture for coagulase-negative staphylococci and organism that do not cause endocarditis. 
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32 cases, and pathologic examination for 67 cases (59 
patients operated on and eight autopsied). 
For each case, we established the number of major 
and minor clinical criteria used in the Duke classifi- 
cation and placed them into one of the three categories 
‘definite’, ‘possible’ or ‘rejected’. In order to quantify 
the true diagnostic importance of each of the major and 
minor criteria, we then examined the ‘definite’ cases 
that were potentially classifiable in a lower category 
through the withdrawal ofjust one of these criteria. In 
this way, all the ‘definite’ cases with either two major 
criteria but less than three minor criteria or with one 
major criterion and more than three minor criteria 
(classifiable into a lower category through the with- 
drawal of one major criterion) or with one major 
criterion and three minor criteria (classifiable into a 
lower category through the withdrawal of one major 
criterion or one minor criterion) or, finally, no major 
criterion and five minor criteria (classifiable into a 
lower category through the withdrawal of one minor 
criterion) were selected. By counting the number of 
times each criterion is present in this sub-population, 
the number of times that a given criterion is decisive in 
terms of the diagnostic classification is determined. 
We also counted the number of ‘possible’ and 
‘rejected’ cases which would have been classifiable as 
‘definite’ with the addition of each major or minor 
criterion. 
The distribution of the different clinical criteria 
was studied in the global study population and in the 
subgroup confirmed by the result of the anatomo- 
pathologic examination. 
Table 3 Bacteria isolated in each category of the Duke’s classification 
The 179 cases studied were 53 women and 126 men 
(30% and 70%, respectively) with an average age of 
54.5 years (range: 16-89 years). Twenty-eight episodes 
involved patients with prosthetic valves and 151 patients 
with native heart valves. Thirty-nine episodes led to the 
death of the patients (2226%) and 71 patients required 
surgery (4027%). The microbiological finhngs for 
each diagnostic category are reported in Table 3. 
Through strict application of the Duke criteria, 
124 ‘definite’ cases (69f7%), 43 ‘possible’ cases 
(24+6%) and 12 ‘rejected’ cases (723%) were diag- 
nosed. Among the 67 cases (37%) confiimed by the 
anatomopathologic examination, 52 (782 10%) would 
have been classified as ‘definite’ according to the 
clinical criteria, 11 (16+9%) would have been classified 
as ‘possible’, and four (626%) would have been 
‘rejected’. 
Seventeen (14%) ‘definite’ cases have two major 
and four minor criteria, 19 (15%) have two major and 
three minor criteria, 22 (18%) have two major and two 
minor criteria, six (5%) have two major criteria and one 
minor criterion, three (2%) have one major criterion 
and five minor criteria, 17 (14%) have 1 major criterion 
and four minor criteria, 39 (31%) have one major 
criterion and three minor criteria, and one (1%) has no 
major criterion but five minor criteria. 
Twenty-seven ‘possible’ cases (63%) have one 
major criterion and two minor criteria, three (7%) have 
one major and one minor criterion, two (5%) have no 
major criterion but four minor criteria, seven (16%) 
‘Definite’ (%) ‘Possible’ (“) ‘Rejected (%) Total (%) 
(CI 95) (CI 95) (CI 95) (CI 95) 
Viridans streptococcus 
Staphylococcus aureus 
Staphylococcus epidermidis 
Enterococcus sp. 
Streptococcus bovis 
HACEK’ 
Others 
Culture negative 
Total 
42 (34%) 
29 (23%) 
(2642%) 
16-31%) 
3 (2%) 
(0-5%) 
(%lo%) 
12 (10%) 
5 (4%) 
(I-8%) 
7 (6%) 
(5-15%) 
14 (11%) 
(617%) 
12 (10%) 
(5-15%) 
124 
14 (33%) 
(1947%) 
(0-15%) 
3 (7%) 
3 (7%) 
(GIs%) 
5 (12%) 
(2-21%) 
2 (5%) 
(0-1 1%) 
0 (0%) 
5 (12%) 
(2-21%) 
11 (26%) 
(1 3-39%) 
43 
0 (0%) 
0 (0%) 
1 (8%) 
(0-24%) 
0 (0%) 
0 (0%) 
0 (0%) 
4 (33%) 
(740%) 
7 (58%) 
(3G86%) 
12 
56 (31%) 
32 (18%) 
(25-38%) 
(12-24%) 
7 (4%) 
12 (7%) 
(%lo%) 
(412%) 
5 (3%) 
(G5%) 
(1-7%) 
14 (8%) 
23 (13%) 
30 (17%) 
(8-1 8%) 
(11-22%) 
179 
”HACEK Huemophilus spp.. Actinobacillus actinomycetemcomitans, Cardiobacterium hominis, Eikenella spp., Kingella kingae. 
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have no major criterion but three minor criteria, 
three (7%) have no major criterion and two minor 
criteria, and one (2%) has no major and one minor 
criterion. 
Among the ‘rejected’ cases, one (8%) has one 
major and one minor criterion, one (8%) has no major 
but four minor criteria, two (17%) have no major but 
three minor criteria, seven (58%) have no major but 
two minor criteria, and one (8%) has no major but one 
minor criterion. 
On application of the clinical criteria to the 67 
cases confirmed by the anatomopathologic examina- 
tion, it is found that the 52 ‘definite’ cases include seven 
(13%) with two major and four minor criteria, 12 
(23%) with two major and three minor criteria, eight 
(15%) with two major and two minor criteria, one (2%) 
with two major criteria and one minor criteria, 8 (15%) 
with one major criteria and four minor criteria, 15 
(29%) with one major criterion and three minor 
criteria, and one (2%) with no major but five minor 
criteria. Among the 11 ‘possible’ cases, there are seven 
(63%) with one major criterion and two minor criteria, 
three (27%) with one major and one minor criterion, 
and one (9%) with no major and four minor criteria. 
The four ‘rejected’ cases have only two minor criteria 
each. 
The major microbiological criterion 
The major microbiological criterion is found in 125 
(70?8%) cases, of which 103 are classified as ‘definite’ 
and 22 as ‘possible’. In 88 cases (71 ‘definite’ and 17 
‘possible’), a typical microorganism is present and in 
109 cases (91 ‘definite’ and 18 ‘possible’) there is 
persistent bacteremia. Seventy-two of the aforemen- 
tioned cases presented persistent bacteremia with typical 
bacteria. 
Sixty-six (53+9%) of the 124 cases classified as 
‘definite’ according to the clinical criteria would, in the 
absence of the major microbiological criterion, be 
relegated to a lower category. The typical characteristic 
of the microorganism is decisive in eight cases and the 
persistent characteristic of the bacteremia in 17 cases, 
while for the 41 remaining cases where the major 
microbiological criterion is decisive, both of these 
characteristics are present. 
Twenty-one of the 53 (40%) ‘non-definite’ cases 
(17 ‘possible’ and 4 ‘rejected’) would have been 
classified as ‘definite’ if they had presented this criterion. 
None of these ‘rejected’ cases, but 12 (70+22%) of the 
‘possible’ cases, had received antibiotic therapy before 
the blood cultures were performed. 
Fifty-five (82+7%) cases confirmed by the anato- 
mopathologic examination, of which 52 were ‘definite’ 
and three ‘possible’ cases according to the clinical 
criteria, met the requirements of the major micro- 
biological criterion. 
The criterion of endocardial involvement 
In our patient population, newly recognized and 
confirmed valvular regurgitation was observed in 52 
(29*7%) cases, divided into 44 ‘definite’ cases, seven 
‘possible’ cases, and one ‘rejected’ case. Sixty-six 
(37&7%) cases showed the major echocardiographic 
criterion (63 with oscillating intracardial mass, 11 with 
myocardial abscess and one with dehiscence of a valve 
prosthesis). It should be mentioned that 14 (8%) 
patients did not have echocardiography and that only 
32 (18%) patients underwent transesophageal echo- 
graphy in addition to the transthoracic echography. 
Transesophageal examination revealed 18 oscillating 
intracardial masses and eight abscesses, whereas trans- 
thoracic echography revealed only nine oscillating masses 
and two abscesses in the subgroup that underwent both 
examinations. Among the 66 cases meeting the major 
echographic criterion, 63 belonged to the ‘definite’ 
clinical category, and three to the ‘possible’ category. 
Combination of the clinical and the echographic 
data resulted in 92 (5127%) cases with involvement of 
the endocardium (83 ‘definite’, eight ‘possible’ and one 
‘rejected’). Twenty-five cases meeting the major echo- 
graphic criterion also showed new, clinically detectable 
valvular regurgitation. 
In the absence of the criterion of endocardial 
involvement, 34 (27+8%) ‘definite’ cases would have 
been placed in a lower category. The decisive nature of 
this criterion is based on the echographic data in 19 
cases and on the clinical data in 15 cases (new regur- 
gitation murmur). 
The three ‘possible’ cases with typical echographic 
involvement of the endocardium were subsequently 
confirmed as ‘definite’ by the anatomopathologic 
examination, as were three of the five ‘possible’ cases 
meeting the criterion of endocardial involvement 
because of the presence of new clinically audible 
valvular regurgitation. 
Thirty-five cases (31 ‘possible’ and four ‘rejected’) 
would have been placed in the ‘definite’ category, if 
the major criterion of endocardial involvement had 
been present. Among these, four ‘possible’ cases were 
confirmed by the anatomopathologic examination 
(one &d not have echography, two showed images that 
were compatible with but not typical of endocardial 
involvement, and one had normal echography). 
Among the 31 ‘possible’ cases mentioned above, 20 
(64& 17%) had echocardiographic images that were 
compatible, with, but not diagnostic for, IE, and 
only one of these cases underwent transoesophageal 
examination. 
400 Clinical  Microbio logy and Infect ion,  Volume 5 Number 7, J u l y  1999 
Of the 52 cases classified as ‘definite’ according to 
the clinical criteria and confirmed by the anatomic 
examination, 36 (69212%) met the criterion of 
involvement of the endocardium (26 typical echocado- 
graphc images and 25 new valvular regurgitations). 
The 11 cases classified as ‘possible’ according to the 
clinical criteria and Confirmed by pathology included 
six (54+29%) cases with involvement of the endo- 
cardium (three typical echocardiographic images and 
five new valvular regurgitations). 
Predisposition 
One hundred and thirty-six (76%26.3) patients pre- 
sented a predisposition for IE; of these, 99 were placed 
in the ‘definite’ clinical category, 30 in the ‘possible’ 
category, and seven in the ‘rejected’ category. In these 
patients, there were 47 cases of mitral valve prolapse 
(25 with regurgitation), 32 cases of aortic sclerosis, 29 
prosthetic valves, 21 congenital cardiopathies (including 
12 aortic bicuspid valve abnormalities), 19 sequelae of 
previous IE, 19 rheumatic valvulopathies and nine cases 
of intravenous drug addiction. 
In the absence of predisposition, 33 (2728%) 
‘definite’ cases would be relegated to lower diagnostic 
categories. If they had met the criterion of predis- 
position, eight of 43 ‘possible’ cases (none of the cases 
classified as ‘rejected’ cases) would have been placed in 
the ‘definite’ diagnostic category. 
Among the 67 cases classified as ‘definite’ accord- 
ing to pathologic examination, 41 (61+12%) met the 
criterion of predisposition, namely 36 of the 52 cases 
classified as ‘definite’ according to the clinical criteria, 
three of the 11 cases classified as ‘possible’, and one of 
the four cases classified as ‘rejected’. 
Fever 
Febrile status with a temperature of 38°C or higher was 
found in 167 patients (93?5%), of whom 122 were 
‘definite’, 36 ‘possible’ and nine ‘rejected‘ cases. In the 
absence of this criterion, 38 (31&8%) ‘definite’ cases 
would be placed in a lower category and one ‘possible’ 
case (none ‘rejected’ cases) would have been classified 
as ‘definite’ if he had met this criterion. 
Smty-one (9127%) cases which were confirmed 
by the anatomopathologic criteria, namely 50 ‘definite’, 
eight ‘possible’ and three ‘rejected’ cases, met the 
criterion of fever. 
Vascular phenomena 
Vascular phenomena were observed in 79 (4427%) 
cases; 67 of these cases were found in the ‘definite’ 
category, eight in the ‘possible’ category and four in the 
‘rejected’ category. 
Thirty-two cutaneous emboli, 19 cerebral em- 
bolism, 18 splenic embolisms, 13 retinal embolism, 
seven renal embolisms, seven embolisms to the limbs 
and five septic pulmonary embolisms were recorded. 
Nine mycotic aneurysms, seven located in the brain, 
one in the spleen and one in the femoral artery, were 
also observed. There were also seven cases of cerebral 
haemorrhage, eight cases with Janeway’s lesions and 
three cases with conjunctival haemorrhages. 
In the absence of the minor criterion provided by 
vascular phenomena, 16 (13 +6%) ’definite’ cases would 
be relegated to a lower diagnostic category. 
Fifteen (35+14%) ‘possible’ cases would have been 
classified as ‘definite’ if they had met this criterion. 
Forty (60212%) cases which underwent patho- 
logic examination met the vascular phenomenon 
criterion, including 35 ‘definite’ cases, four ‘possible’ 
cases and one ‘rejected’ case. 
Immunological phenomena 
Forty-one (22.926.2%) cases presented immunologic 
phenomena. These were 40 ‘definite’ cases and one 
‘possible’ case. There were 15 cases with recently 
positive rheumatoid factor (whch was looked for in 
only 64 cases), 11 with Osler’s nodes, 11 with glomer- 
ulonephritis and eight with Roth’s spots. 
In the absence of this criterion, eight (6+4%) 
‘definite’ cases would be relegated to a lower diagnostic 
category. 
Twenty (462 15%) ‘possible’ cases would have been 
classified as ‘definite’ if they had met this criterion. 
Sixteen (24+10%) cases which underwent patho- 
logic examination presented immunologic pheno- 
mena. These were 15 cases classified as ‘definite’ 
according to the clinical criteria and one case classified 
as ‘possible’. 
Minor echocardiographic criterion 
Echography images compatible with IE but which did 
not meet the requirements to be a major criterion for 
involvement of the endocardium were present in 55 
(313~7%) cases, ofwhich 43 were ‘definite’, 11 ‘possible’ 
and one ‘rejected’. 
This criterion was decisive for the diagnostic 
classification of 24 (19+7%) ‘definite’ cases. In the 
presence of this criterion, 22 ‘possible’ cases could be 
upgraded to the ‘definite’ category. 
Twenty-six (39+ 12%) cases classified as ‘definite’ 
by the pathologic examination (22 ‘definite’ and four 
‘possible’ cases according to the clinical criteria) met 
the minor echographic criterion. 
Minor microbiological criterion 
Twenty (1 1 & 5%) cases fulfilled the condtions necessary 
to meet the minor microbiological criterion; of these 
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nine were ‘definite’, seven ‘possible’ and four ‘rejected’ 
cases. 
Only two (2+2%) ‘definite’ cases would be rele- 
gated to a lower category in the absence of this 
criterion, and five (12+ 10%) ‘possible’ cases would 
become ‘definite’ if they met this criterion. 
Eight cases (12+8%) confirmed by pathologic 
examination met this criterion. These were five cases 
classified as ‘definite’, one as ‘possible’ and two as 
‘rejected’ according to the clinical criteria. 
The diagnostic values of the Duke criteria with 
regard to the ‘definite’ category are summarized in 
Table 4. 
The numbers of ‘possible’ and ‘rejected’ cases that 
would have been placed into the ‘definite’ category 
with the addition of a single criterion are shown in 
Table 5. 
DISCUSSION 
Our patient population is demographically comparable 
to that of other recent epidemiologic studies [11,12], 
but differs from those of the US studies, in which there 
is a significantly higher proportion of drug addicts and 
Table 4 Diagnostic category of the 124 cases classified as 
‘definite’, after subtraction of each individual criterion 
Become Remain 
‘possible’ or ‘rejected’ ‘definite’ 
N (“A) (CI 95) N (%) (CI 95) 
Microbiology 66 (53) 
(major) (44-62%) 
58 (47) 
(38-56%) 
Endocardial 34 (27) 90 (73) 
(Echo+clinical findings) 
involvment (2&35%) (65-8 1 %) 
Echocardiogram 19 (15) 105 (85) 
criteria (major) (9-22%) (79-9 1 %) 
New 
regurgitation 
(clinical finding) 
Predisposition 
Fever 
Vascular 
phenomena 
Immunologic 
phenomena 
Echocardiogram 
(minor) 
Microbiology 
(minor) 
15 (12) 
(618%) 
33 (27) 
(1 9-35%) 
38 (31) 
(23-39%) 
16 (13) 
(7-19%) 
8 (6) 
(2-10%) 
24 (19) 
(13-26%) 
3 (2) 
(M%) 
109 (88) 
(82-94%) 
91 (73) 
( 6 6 8  1 %) 
86 (69) 
(61-78%) 
108 (87) 
(81-93%) 
116 (94) 
(89-98%) 
100 (81) 
(74-87%) 
122 (98) 
(96-100%) 
Table 5 ‘Possible’ and ‘rejected’ cases that could become 
‘definite’ with the addition of one individual criterion 
‘Possible’ ‘Rejected’ 
(% of the (“A of the 
‘possible’ cases) ‘rejected’ cases) 
(CI 95) (CI 95) 
Microbiology (major) 17 (40%) 4 (33%) 
(25-54%1) (6-60%) 
Endocardial 31 (72%) 4 (33%) 
Predisposition 8 (19%) 0 (0%) 
involvement (major) (61-83%) (6-60%) 
(7-30%) 
Fever 
Vascular 
phenomena 
1 (2%) 0 (0%) 
(0-7%) 
15 (35%) 0 (0%) 
(2149%) 
Immunologic 20 (46%) 0 (0%) 
Echocardiography 22 (52%) 0 (0%) 
Microbiology 5 (12%) 0 (0%) 
(minor) (2-22%) 
phenomena (3141%) 
(minor) (3648%) 
consequently a different microbiological spectrum, 
with a greater prevalence of IE due to Staphylococcus 
uureus. However, the Duke clinical criteria should also 
be applicable to our patient population. In the present 
study, their sensitivity with regard to the ‘definite’ 
category of diagnosis was 78% (k 10%). This figure is 
similar to that reported in the literature [3-51. 
The major microbiological criterion was the 
criterion which had the greatest impact on diagnosis, 
since more than half of the ‘definite’ cases (53+9%) 
would be relegated to a lower category if this criterion 
was absent. This result confirms that positive blood or 
valve cultures from the cornerstone of the diagnosis of 
IE. Moreover, in a study in which three specialists were 
asked to establish the diagnosis of IE, agreement was 
maximal when cultures were positive [ 131. 
Bearing in mind the prime importance of this 
criterion, it is imperative to perform enough blood 
cultures with sugcient time between the cultures in 
order to establish that the bacteremia is persistent. In 
the present study, the four cases ‘rejected’ according 
to clinical criteria but subsequently confirmed by 
pathologic examination were not investigated with a 
sufficient number of blood cultures or had been treated 
by antibiotics at the time of the blood culture. Likewise, 
70% (+22%) of the ‘possible’ cases that would have 
been classified as ‘definite’ if blood culture had been 
positive had received antibiotic therapy before blood 
cultures were obtained. 
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Endocardial involvement is the second major 
criterion. In the present study, its diagnostic impact was 
less than that of the major microbiological criterion, 
since only 27% (+8%) of the ‘definite’ cases would be 
relegated to a lower category if it was not present. The 
contributions of the clinical examination and of 
echocardiography with regard to the presence of this 
criterion were comparable. It must be pointed out that 
the determination of this criterion, because of the 
recent nature of a regurgitation or typical echo- 
cardiographic findings, depends very much on the 
examiner. For example, agreement on the oscillating 
nature of an intracardial mass, which was a major 
criterion in 63 cases of our patient population, was only 
obtained in 57% of the cases in a recent study [9]. 
While echocardiography was decisive as a major 
hagnostic criterion in only 19 cases of the present 
study, it should be pointed out that this contribution 
would have been greater with an increased use of 
transesophageal echocardiography, as shown in the 
subgroup of patients who underwent both trans- 
thoracic and transesophageal examination. 
Echocardiography as a minor criterion contributed 
significantly to the ‘definite’ diagnosis of IE in 24 cases. 
Without this minor criterion, 35% (+8%) of the 
‘definite’ cases would have been placed in a lower 
category. 
The &agnostic power of echocardiography has 
undoubtedly increased recently, as a result of in- 
creasingly efficient transesophageal echocardiographic 
techniques. In the present study, in 32 cases who 
underwent both transthoracic and transesophageal 
echocardiography, the sensitivity with regard to the 
detection of typical bacterial vegetations doubled with 
transesophageal echocardiography compared with the 
transthoracic examination. This increase amounted to 
300% for the detection of myocardial abscesses. The 
sensitivities of the two methods for the detection of 
vegetations (50% for transthoracic echocardiography 
and 92% for transesophageal echocardiography) proved 
to be comparable to the figures reported in the 
literature [14-181. However, although transesophageal 
examination has numerous diagnostic advantages, it 
cannot be applied to all cases in whom IE is only 
vaguely suspected (cost, availability, unpleasant for the 
patient). It should probably be reserved for cases with 
at least a moderate clinical probability of IE and 
inconclusive transthoracic echography results [ 191, 
with suspected IE on prosthetic valves [20-231, or with 
suspected myocardial abscess [24]. In our patient 
population, the systematic use of transesophageal 
echocardiography would have resulted in the upgrading 
to the ‘definite’ diagnostic category in a maximum of 
19% of the cases. The performance of this method, 
the negative predictive value of which is already close 
to loo%, could be improved even further by the 
generalized use of Multiplan probes and by improved 
characterization of what constitutes a typical image of 
bacterial vegetation [25]. 
The diagnostic impacts of the minor criteria were 
very variable, since more than 25% of the ’definite’ 
cases could be placed in a lower category with the 
withdrawal of the criteria of ‘febrile status’ or 
‘predisposition’, while ths would have been the case 
for only 3% of the cases for the minor microbiological 
criterion, or 7% for the criterion of ‘immunologic 
phenomena’. This is partly due to the variable 
prevalence of the minor criteria. In fact, 98% (*2%) of 
the ‘definite’ cases met the criterion of ‘febrile status’, 
while the minor microbiological criterion was present 
in only 7% (+5%) of this category. 
The minor criteria that were relatively rarely 
recorded, such as the immunologic or vascular 
phenomena, could have played an important diagnostic 
role if they had been present more tiequently Indeed, 
35% (*14%) and 46% (215%) of ‘possible’ cases, 
respectively, would have become ‘definite’ cases with 
immunologic or vascular phenomena. Rheumatoid 
factor was investigated in only 36% of our cases {24% 
positive findings), but could have played a more 
substantial role if obtained more frequently, given the 
level of positivity reported in the context of IE in the 
literature [26,27], with 25% of ‘possible’ cases 
becoming ‘definite’ cases. Thus, the presence or absence 
of one single minor criterion may greatly affect the 
percentage of cases being classified as ‘definite’, and 
special efforts should be made to record them precisely 
if one wants to avoid misdiagnosis [28]. 
Another point of weakness of the Duke criteria is 
the extreme variability of the cases classified as ‘possible’. 
It is of note that 11 of 43 (25.6+13%) cases classified 
as ‘possible’ were eventually confirmed as IE cases by 
pathologic examination. Of these cases, seven had one 
major criterion and two minor criteria, and two had 
one major and one minor criterion, and thus were close 
to being ‘definite’ cases by clinical criteria. All of these 
11 cases would have remained ‘possible’ cases even if 
the new proposals aimed at improving diagnostic sensi- 
tivity had been applied [lo]. Among these proposals, 
serologic evidence of active infection due to some 
microorganisms such as Coxiella burnetti and Bartonella 
spp. which cannot be easily isolated in blood culture 
has been proposed as a major criterion [lo]. In our cases 
this would not have influenced the results because of 
the low prevalence of such infections in our area. 
In the cases where only one minor criterion is 
lacking in order for a case to pass from one diagnostic 
category to another, all diagnostic criteria.should be 
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examined even more carefully, bearing in mind the 
fragility of the elements that can be decisive in 
changing the diagnostic category. 
CONCLUSIONS 
The Duke criteria constitute a very valuable tool for 
the diagnosis of IE. 
The major microbiological criterion has by far the 
greatest diagnostic power. 
Bidimensional echocardiography is decisive for 
the diagnosis of almost 35% of the ‘definite’ cases. 
Transesophageal echocardiography can sharpen the 
sensitivity of the Duke criteria, especially in patients 
with prosthetic valves or suspicion of myocardial 
abscess. For the other cases, transesophageal echo- 
cardiography should probably be performed in patients 
with moderate clinical probability of IE and in- 
conclusive transthoracic echocardiographic findings. 
The Duke classification is based on certain subtle 
factors that must be investigated carefully, especially in 
suspected cases of IE who do not fulfill enough criteria 
to be ‘definite’ cases. ‘Possible’ cases with the major 
criterion of ‘endocardia1 involvement’ but not the 
major microbiological criterion, and who have received 
prior antibiotic therapy before having blood cultures 
taken, should probably be considered as ‘definite’ cases. 
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